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WHY ATTEND THE ANNUAL MEETING? 
F. L. BISHOP, 


Secretary of the Society. 


Another annual meeting of the Society will be held this 
month—June 26-29, 1928—at Chapel Hill, N. C. Probably 
more than 300 members will be in attendance. Why do they 
come? Have you ever stopped to analyze the motives of so 
many teachers who attend these meetings? Some travel 
many weary miles. Many come from very short distances or 
have made the long trip in easy stages. They sit beside you 
at the meetings. They. talk to you and to others. They 
listen to the speakers. Ask questions. Disagree with the 
speakers. Present a new point of view. Attend numerous 
conferences. 

Do you wonder why these teachers attend these meetings? 
They come to learn how to improve their teaching! What do 
they expect to take away? They cannot tell you in so many 
words but if you watch their teaching when they return to 
their classes the improvement which is evident shows you what 
they have taken away. It is there, in the classroom, that 
they put into action the things which they have learned at the 
meeting. Many pet ideas in regard to certain methods are 
thrown into the discard because these teachers are cognizant 
of the new trend in education and in training. It is at these 
meetings that many new contacts are made which lead to 
promotions to other institutions. 

These, I think, are some of the opportunities which present 
themselves to those who attend our annual meetings. The 
inspiration ‘‘to carry on’’ even better for the coming year is 
possibly the great contribution which the annual meeting has 
to make to each and every one who attends. 





LOWER ROOM RATES FOR CHAPEL HILL MEETING 
June 26 to 29, 1928 
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 


The Local Committee advises us by telegram today that they can a 
modate 50 to 75 people in first class residences in Chapel Hill and thes, 
number in fraternity houses on the Campus, at $1.50 per day for room. 

When making your reservation to Professor Thorndike Saville, Unive 
sity of North Carolina, Chapel Hill, please advise him whether you want 
room in— 

Carolina Inn, Chapel Hill, Single Room $2.50, Double Room $4.50. 


Washington Duke Hotel, Durham, Single Room $2.50 to $5.00, 
Double Room $5.00 to $8.00. 


Residence, Chapel Hill, $1.50. 
Fraternity House, Chapel Hill, $1.50. 


May 24, 1928 F. L. BisHop, 





TOKIO INTERNATIONAL ENGINEERING 
CONGRESS, 1929 


Any member of the Society who is planning to attend the Internation 
Engineering Congress at Tokio, Japan, in 1929, is requested to send hi 
name to the Secretary of the Society, F. L. Bishop, University of Pittsbun 
Pittsburgh, Pa. 





ORGANIZATION AND ADMINISTRATION OF 
ENGINEERING COURSES. 


BY H. 8. ROGERS, 


Dean, School of Engineering and Mechanic Arts, 
Oregon Agricultural College. 


OBJECTIVES OF ENGINEERING EpvucATION. 


The objectives of engineering education are usually ex- 
pressed in terms of courses and curricula or in terms of mas- 
tery of some field of technical science or art. They are seldom 
expressed in terms of powers, or abilities developed in the stu- 
dent. The purpose of engineering curricula is, nevertheless, 
to train men for entrance into the profession at various levels 
and these men are judged and make progress more particularly 
because of the powers which they demonstrate than because of 
knowledge they possess. 


Nature of Technical Education. 


The tremendous expansion of scientific applications and 
rapid developments in the field of engineering have made it 
impossible in a period of four years to train men to step im- 
mediately into professional status in industry. Other pro- 
fessional courses have been extended in length, while engineer- 
ing has retained its four-year period of training. The engi- 
neering schools have, however, developed a pre-professional 
training in those elements which seem to be basic to a subse- 
quent professional development. Large numbers of men 
trained in engineering principles have after graduation dis- 
covered their breadth of view narrow, and their knowledge 
inadequate for professional success. Many have, of course, 
developed this breadth of view, subsequent to graduation and 
have procured a broad education by the judicious use of their 
spare time. 

Within recent years there has been general expression of 

907 
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the desirability of making all technical-courses more liberal. 
Mr. H. P. Hammond says in the September, 1925 number of 
the JouRNAL or ENGINEERING EpucATION: 

‘*Returns from both recent and older graduates indicate a 
very marked and almost universal feeling that engineering 
courses should give more or better training in the principles of 
economies and in the knowledge of business procedures. . . 

‘* At the same time it is to be noted that one of the most sig- 
nificant results of the studies is the fact that graduates indi- 
cate clearly their belief that the scientific and technological 
portions of engineering curricula constitute their major ele- 
ments and that they are the real foundation of the training of 
an engineer. There are probably few who will disagree with 
this belief, yet in the past few years so much discussion has 
centered around portions of curricula other than scientifie and 
technological subjects, and so'much has been said regarding a 
broad general training for engineering students, that it may 
be well to focus attention on the fact that the fundamentals in 
the training of an engineer are and always will be science and 
technology.”’ 

That technical education has been practical will be con- 
eeded by all those who are familiar with it. There seems, 
however, to be a general feeling and belief among graduates 
that it has been on the whole narrowing, rather than liberal- 
izing. The demand of the day is for a liberal as well as a 
practical education. How the unity of these two qualities is 
to be achieved is the problem confronting the technical schools. 
Can courses be liberalized by additions to the curricula? 
Most suggestions from graduates are for such additions and 
undoubtedly the liberal element could be introduced to a 
greater extent by them. School administrations, however, are 
confronted with the problem of introducing liberal elements 
into eurricula which, although affording no more than the 
minimum essentials of engineeering training, are already 
overcrowded. Can the liberal therefore be introduced without 
a much extended period of training? This extended period 
of training seems to be somewhat undesirable at the present 
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time. To introduce the liberal element by expansion of cur- 
ricula seems quite impossible. 

Everett Dean Martin has defined the purpose of liberal edu- 
cation—‘‘to lift men’s thought out of the monotony and 
drudgery which are the common lot, to free the mind from 
servitude and herd opinion, to train habits of judgment and 
of appreciation of value, to carry on the struggle for human 
excellence in our day and generation, to temper passion with 
wisdom, to dispel prejudice by better knowledge of self, to en- 
list all men, in the measure that they have capacity for it, in 
the achievement of civilization.’’ 

These objectives cannot be fully attained in any four year 
period of training, many of them are without the scope of en- 
gineering training, but progress can be made toward some of 
them in engineering as a scientific culture if we devote not less 
attention to what we teach but more attention to how we teach. 


Comment on Objectives of Engineering Education. 


Since the beginning of the study of engineering education 
by Dr. C. R. Mann there have been many excellent comments 
upon the objectives of engineering education in technical 
publications. Professor D. W. Mead has said: ‘‘The purpose 
of technical education is not so much to impart technical 
knowledge to the student as to furnish the training which will 
enable him to think clearly and accurately, to understand and 
investigate the conditions which surround a problem, to deter- 
mine the fundamental principles upon which its successful 
solution depends, to ascertain and analyze the elements which 
influence or modify it, to design the structures and works 
needed for its successful development, to supervise the proper 
construction of such structures or works, and to carry them to 
the consummation of a successful and economical completion.’’ 
Professor C. L. Cory has said : ‘‘The main objects of any engi- 
neering course are not so much to impart information as to 
train the mind, to teach underlying principles, to impress 
ideals of high standard, to insist on personal efficiency, to en- 
courage superlative effort and foster broad leadership. .. . 
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Man is equipped for a life of usefulness by qualities, not as a 
result of the mental possession of fact. , That institution which 
best helps to develop the most desirable qualities and the best 
type of character not the one which imparts the most infor- 
mation will be the successful institution.’’ Professor G. F. 
Swain has said: ‘‘ A student in college, however, should aim to 
acquire habits of accuracy and thoroughness, and should know 
his fundamental principles accurately and thoroughly. My 
observation is that the standard in these matters which will 
enable a young man to graduate from almost any college or 
engineering school is a standard which in practical business 
would cost him his job.’’ 

While many comments mention objectives and purpose, 
there have, however, been very few specific comments upon the 
ways and means of training engineering students. A desecrip- 
tion of the ‘‘Mechanies of Engineering at the University of 
Washington’’ by W. E. Duckering, printed in the bulletin of 
the Society for the Promotion of Engineering Education, Vol. 
VII, No. 9, 1917, brings out some of the problems involved. 
In this article Professor Duckering says: ‘‘ . . . first, we be- 
lieve that all instruction must be given from the standpoint of 
its ultimate value in the development of the student, rather 
than from the standpoint of immediate absorption of subject 
matter ; second, that the thing of greatest importance from the 
standpoint of subject matter is a thorough training in funda- 
‘ mentals, as opposed to drill in the solution of special cases or 
abstracted particulars; and, third, that the problem method 
furnishes the greatest opportunity for establishing a close cor- 
relation between theory and practice, and that it holds the in- 
terest of the student and accomplishes the primary object of 
developing his capabilities and powers.”’ 


Relationship Between Objectives. 


If the development of a type of engineering graduate is to 
be the primary objective of technical education, the relation- 
ship between the training which will develop that type of 
graduate and the knowledge which may be considered the con- 
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tent of the curriculum in which the training is given must be 
established. This primary object can only be accomplished by 
utilizing the subject matter as a means of training. In other 
words, the training of a student should be the primary object 
of any course, and the knowledge and learning carried away 
from each course by the student will be the by-product. This 
most certainly would not be the case, were not the training in 
the power to study or think more general in its applications 
than the understanding of the principles of some particular 
phase of applied science. 

Professor T. McClure says on this point: ‘‘Every man in 
whatever occupation he may be engaged has to employ a group 
of type terms peculiar to his special field and which he must 
constantly use as instruments of judgment and reflection. 
This may be simply stated as follows: Learn the language of 
your trade. Your mind cannot be just trained, it can only 
be trained to the subject.’’ While there are such abilities as 
the ability to think in a scientific manner and the ability to 
express one’s self clearly, which may both be elements of the 
power of constructive thought, that these can be developed 
without direct application to a particular subject is untenable. 
Nor is it probable that there will be a transfer of the manner 
of thinking and modes of expression unless the general prin- 
ciples of these have been recognized in the training. 

Gano Dunn, past president of the American Institute of 
Electrical Engineers, says: ‘‘If, indeed, the term engineer has 
come no longer to give an inkling of what a man actually does, 
let us not despair, for the very diversity of occupation com- 
prised under the term engineering of itself throws all engi- 
neers back upon and brings into brilliant prominence a qual- 
ity they have in common. That quality is their method of 
thought. It is this which is proving that engineers are indeed 
one instrument, a great profession.’’ That this which Mr. 
Dunn calls ‘‘their method of thought’’ is a common character- 
istic of engineers who have won distinction will generally be 
conceded by those in allied pursuits. But whether this habit 
of scientific thought is common to all graduates of engineering 
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schools is open to much doubt. The ability of a man to apply 
the scientific method of thought in general to problems cover- 
ing a wide scope or lying in various fields depends entirely 
upon his recognition and knowledge of the methods of scien- 
tific thought. It may be possible to grasp the methods of 
scientific thought through an abstract analysis. The applica- 
tion, however, to the general problems confronting scientific 
men can only be mastered in their application to some express 
field of knowledge. Or, reiterating Professor McClure, ‘‘The 
mind cannot be just trained. It can only be trained to the 
subject.’’ 

The objectives of any program of education have been 
termed by H. C. Morrison, Professor of Education in the Uni- 
versity of Chicago, the ‘‘Learning Products.’’ For the pur- 
pose of this analysis these products, which consist of certain 
adaptations, powers, and skills that may be acquired in train- 
ing through a particular field of knowledge, may be termed the 
Power of Constructive Thought and the Mastery of Knowledge 
in the field of applied science. The training in the develop- 
ment of the power of thought most certainly cannot be sepa- 
rated from the assimilative material out of which such train- 
ing arises. The two are not supplementary but complemen- 
tary. The training in rationalization or the Power of Con- 
structive Thought has its very foundations in the objective 
content of the course of study or in the Mastery of Knowledge. 
McMurray says: ‘‘Study in general is the work that is neces- 
sary in the assimilation of ideas. It is not, however, synony- 
mous with thinking in that assimilative material is its neces- 
sary and special characteristic. Random thinking is not 
study, nor is rote memorizing thinking.’’ Morrison says: 
‘“We can say with a good deal of confidence that given a ma- 
terial to think about a method of thinking and a motive for 
thinking any normal individual will think within the limita- 
tion which his native mental structure or his mental age deter- 
mines.’’ These are the conditions under which thinking takes 
place. In other words, the material to think about and the 
method of thinking are complementary and as complementary 
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units they must both find expression in the organization and 
administration of scientific or engineering courses. The two 
should be coordinated in a program of education, one as an 
objective of knowledge and the other as an objective of train- 
ing to develop power. 


A Program of Objectives. 


The two objectives are in no sense supplementary, but in the 
most exacting sense complementary. The Power of Construc- 
tive Thought cannot be developed in the absence of its product, 
the Mastery of Knowledge, nor can the thorough Mastery of 
Knowledge be achieved without a development and growth in 
the Power of Constructive Thought. 

In any program of scientific education the fields in which 
Mastery of Knowledge is sought are determined by the curri- 
culum while the development of the Power of Constructive 
Thought is determined in very large measure by the peda- 
gogy. The Power of Constructive Thought may be termed the 
general objective of all engineering and scientific courses and 
the Mastery of Knowledge, the specific objective of each 
course. The relationship between the two is shown in the ac- 
companying diagram of Functional Organization and Ad- 
ministrative Units of Science Courses given on page 10. The 
two are inseparably tied together. The training in rational- 
ization has its very foundations in the objective content of the 
courses studied. 


Power oF CONSTRUCTIVE THOUGHT. 


The Power of Constructive Thought is a relative, not an 
absolute power. It should be brought to a high level of re- 
finement in courses of a scientific nature. Its nature may be 
expressed in terms of an economical process and an effective 
manner used in a certain type of psychological functioning. 
It may be subdivided into three phases or elements: (1) Effec- 
tive thinking of a scientific or reflective nature, or in other 
words, thinking in those rigorous methods found in mathe- 
matics, the physical, biological and applied sciences, (2) Ef- 
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fective expression through, written, algebraic, graphic, or oral 
composition, and (3) Effective habits, or characteristics of 
personal efficiency such as promptitude, accuracy, and neat- 
ness which constitute the expression of a volitional control re- 
quired for sustained attention in and application to the solu- 
tion of complex problems. 
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The task of developing this power is certainly not a unique 
responsibility upon the shoulders of any one instructor, nor is 
training in it initially instituted in any particular group of 
courses. It is the responsibility of every instructor in every 
eourse. It is a responsibility which will not, however, be dis- 
charged until instructors recognize it and take steps to coach 
students in the development of its elements. The instructor 
who develops the power of constructive thought must go in the 
classroom with the training of students in mind. If an in- 
structor’s attention is directed toward the presentation of the 
subject matter with little thought of the students, much of the 
leadership that might be given to students will be precluded. 


Nature of Effective Thinking. 


The nature of effective thinking is broadly outlined in the 
accompanying diagram on page 916. It is essentially a process 
passing from the defining of a problem through the inquiry 
and judging of suggestions for its solution to the final ac- 
ceptance and realization of that conclusion. As an applied 
process of constructive thinking it is enriched by the assimi- 
lated materials which forms the basis for the analysis and re- 
flection out of which the real products arise. The diagram 
attempts to coordinate the content of, the process for, and the 
habits for effective thinking with the problem, suggestion for 
its solution, and its final solution. 

Any problem may be regarded as a situation, condition or 
difficulty which may be solved by certain means as designated 
under ‘‘suggestion.’’ The suggestions for its solution may be 
direct or indirect. Most of the technical problems of engi- 
neering are solved by direct suggestion. Those suggestions 
which are most basic and fundamental are rational facts (c.g., 
the laws of statics) hypotheses, empirical facts, specifications, 
standard practice, etc. Very few of the commen problems are 
solved by hunches, hints, clues, or schemes. The successful 
application of suggestion brings one to the conclusion, under- 
standing, interpretation, ete. The content of effective think- 
ing is characterized by accumulative knowledge, classified in- 
formation, and manifold associations. 
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The process for effective thinking changes in form with the 
defining of the problem to the final acceptance of the conclu- 
sion. The initial process is primarily one of discerning, ob- 
serving, clarifying, or defining the problem. The next step is 
primarily one of inquiring for suggestions which will aid in its 
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solution. The process passes from responding, discovering 
and adapting to testing, reasoning, and judging the appropri- 
ateness of the suggestion. From judging it passes to see- 
ing, believing, or accepting a solution. It is characterized 
throughout by initiative, concentration and tenacity. 

The habits for effective thinking may not be so easily di- 
vided in their application to the respective phases of problem, 
suggestion and solution. Certain habits are, however, more 
essential to particular phases. The success in defining a prob- 
lem, for example, depends very much upon interest, alertness, 
sagacity, and accuracy, while the success in seeking and judg- 
ing a suggestion depends primarily upon thoroughness and 
stability. The final acceptance of the conclusion or solution 
depends upon the disinterestedness, the impersonality, sincer- 
ity or honesty of the one doing the thinking. 

Certain practical hints for effective thinking are outlined in 
the diagram. Many people will carry their thinking through 
all but the last stage where they fail to see the problem 
through, where they fear to assume the risk and accept the 
responsibility. 

A cursory study of effective thinking will bring one to the 
realization that effective expression and effective habits are its 
complementary elements in the Power of Constructive 
Thought. The process of effective thinking, passing as it does 
from defining through inquiring, judging and finally to ac- 
cepting, is essentially a process accompanied by expression. 
It is suecessful when executed in a manner that is the result 
of long habits, of interest, thoroughness, stability, and hon- 
esty. In order to improve thinking and develop the Power of 
Constructive Thought it is therefore essential to improve ex- 
pression and develop habits of efficiency. 


Function of Effective Expression. 


Constructive thinking is an analytic and selective process 
which involves a progressive continuity of thinking and ex- 
pression. The solution of an elementary problem may be con- 
cluded without any external expression, but the solution of a 
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problem of applied science can certainly not be so concluded. 
Expression especially of a written, algebraic or graphic na- 
ture concurrent with thinking is necessary in order to enlarge 
the field of focal consciousness so the unity, uniformity, or 
contrast of elements may be discovered and judged in the or- 
ganization of constructive thought. The elements of effective 
expression which are essential to the power of constructive 
thought are therefore composition and organization. The re- 
lationships between the elements of effective expression are 
shown in the diagram on page 919. Someone has pointed out 
that the object of expression is ‘‘to cause other to see, think, 
feel, believe or do something by expression in terms of that 
which they already see, think, feel, believe or do’’ which is the 
means. 

The form of effective expression, especially if the expression 
be of any magnitude is usually composed of three parts, the 
introduction, the body or composition proper, and the conclu- 
sion. The content and process for effective expression are in- 
terminably interwoven. The content is essentially a single 
subject of varying complexity which may be presented in (1) 
the introduction which follows through (2) a composition, de- 
veloping a narration, an exposition, a description, or an argu- 
ment composed of a single or organized idea, and which termi- 
nates in (3) a conclusion that may be a summary, a result, an 
answer, or a final statement. The process takes on its specific 
and characteristic form primarily in the composition in which 
the ideas are supported by specific reference, reiteration, gen- 
eral principle, or testimony. ' 

The lawyer may suyport his argument by testimony; the 
preacher may strengthen his text by multiform reiteration; 
the author may vivify his narration by specific reference but 
the engineer, at least in his technical analysis, supports his 
exposition by basic and generic principles. 

The qualities of effective expression are, interest, that it 
may be listened unto, clarity, that it may be understood, and 
conviction, that it may be believed. In all composition 
whether of a written, graphic, or algebraic nature, clarity is 
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obtained by unity, proportion, emphasis and ease, the four ele- 
ments which are perhaps most frequently presented in English 
composition. In addition to these coherence, balance, contrast, 
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uniformity (qualities which are almost synonymous with those 
above) are frequently presented. The interest in general or 
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literary composition is usually obtained by the human ele- 
ment; in technical composition where the human element is 
lacking interest is given by conciseness. In engineering com- 
position of a technical nature conviction should not be ob- 
tained by any means other than by correctness. The qualities, 
therefore, most essential in technical composition are concise- 
ness, clarity, and correctness. 

Certain practical hints for effective expression are also in- 
cluded in the diagrammatical outline. All of those listed agree 
with the recommendations of students of English. A review 
of handbooks of English composition will demonstrate that 
most of the common errors are the result of indefinite refer- 
ence, misused verbals, misused connections, and loose transi- 
tion. 

An application of the processes and qtialities which char- 
acterize written or oral expression to graphic or algebraic ex- 
pression will emphasize the general nature of these qualities 
and processes. There is a striking analogy between good 
algebraic composition, good drawing and clear exposition. 
The primary quality of all is clarity. 


Manner of Effective Thinking. 


The manner in which the process of effective thinking and 
expression is carried forward is characterized by effective 
habits of work and study. It is marked particularly by those 
habits of industry, promptitude, thoroughness, accuracy and 
neatness which are essential in initiating the process of think- 
ing, in concentrating upon the suggestion for the solution of 
the problem, and in tenaciously carrying the problem to its 
successful conclusion. Those habits especially applicable to 
the solution of engineering problems are shown in the diagram 
on page 914. These may be termed habits of personal effi- 
ciency. In addition to these, however, the habits given in the 
outline of effective thinking on page 916 are very productive 
in sound, economical and effective thinking and therefore essen- 
tial in the development of the Power of Constructive Thought. 
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Optimum of Constructive. Thinking. 


The optimum of constructive thinking is attained when a 
student is so coached and drilled in the processes of effective 
thinking and effective expression and in the control of effec- 
tive habits that the processes and controls themselves are re- 
duced to the subconscious, and the mind is free for the more 
important details of bringing the fundamentals, methods, and 
the uses of knowledge into focal consciousness, and for seek- 
ing the rational facts, hypotheses, empirical facts, etc. that 
offer the suggestions upon which the solution of the problem 
depends. These elements, it will be observed, form the con- 
tent of effective thinking. The mind turns to this storage 
of accumulated knowledge, classified information, and mani- 
fold associations to draw from the proper pigeonhole the sug- 
gestion which will solve the problem. This analytic and selec- 
tive process must be carried on in what James has appropri- 
ately called the ‘‘hot spot’’ of focal consciousness. It will be 
observed that these ‘‘suggestions’’ so called in the outline of 
‘Effective Thinking’’ constitute in reality the fundamentals, 
the methods, and the usage found in the organized knowledge 
of particular fields of engineering science. If they are to be 
developed as sound and clear concepts, they must rest upon a 
basis of rational, physical facts and experiences, and must 
spring from the mastery of the fields in which they are found. 


THe Mastery oF KNOWLEDGE. 


That engineering knowledge which is the content of the pro- 
gram of education is variously related and coordinated to the 
objects and products of courses. The mastery of it is the 
specific object of all courses. It is the by-product of the stu- 
dent’s training in constructive thinking and also the means 
through which that training is acquired. From an engineer- 
ing viewpoint it may be divided into three classifications: 
(1) fundamentals which include basic principles, empirical 
data, recognized hypotheses and standard specifications; (2) 
methods of applying fundamentals, making calculations and 
using standard specifications; and (3) usage which includes 
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current practice, standard construction and standard produe- 
tion. 


Fundamentals. 


The fundamentals of engineering are those things which 
are basic and generic. As expressed in engineering courses 
they may be; the rational facts or generic truths which consti- 
tute the underlying principles of the applied science; the 
empirical modifications which are usually determined in the 
laboratory and which are frequently necessary because of the 
incompleteness or inadequacy of the rational facts ir inelud- 
ing all the practical elements; the fundamental hypotheses on 
which the solution of certain problems or elements are predi- 
eated and which may or may not be verified (as sound within 
certain limits, by laboratory observation) ; and finally, speci- 
fications which are the outgrowth of field experience and 
group judgments and which are usually propounded by tech- 
nical organizations and societies. 

General truths which are basic in the explanation of engi- 
neering science are not finished products that can be handed 
about from person to person; each man in order to have them 
must give birth to them within his own mind. Each man 
must build up the abstract concepts of them by discovery in 
and extraction from specific cases. Success in the mastery of 
fundamentals depends, therefore, upon the building of a valid 
intellectual foundation of generic principles, upon a physical 
understanding of fundamentals. To that extent it is directly 
and positively related to the pedagogical methods and the 
procedure in study. These general truths can only be dis- 
covered by inductive thinking. 

In the December, 1927 issue of the JouURNAL OF ENGINEERING 
Epucation, Mr. R. E. Doherty, consulting engineer for the 
General Electric Company in an article entitled, ‘‘What the 
College has done for the Engineering Graduate,’’ which was 
originally delivered as an address before the Cornell session 
of the S. P. E. E. made the following interesting statement. 
‘‘The typical mind among them (the engineering graduates) 
is not trained to reason from basic principles or to visualize 
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the phenomena it may attempt to relate. Their method of 
attack is interesting and indicative. If, for instance, a prob- 
lem is given relating to Dynamics, such as the falling-weight 
problem already referred to, their first step is, not to consider 
what fundamental principle determines the conditions which 
must be satisfied, and thus establish the working relations; 
rather they proceed to write down on the board every formula 
they can remember which may involve velocity, acceleration, 
kinetic energy, etc., not, mind you, because these relations may 
apply in the given case, for often they do not, but because 
those formule comprise their full equipment acquired in col- 
lege for the solution of problems falling under the general 
heading of Dynamics. So it would be also if the general 
heading, for instance, were Thermodynamics. Then, without 
a thought of the controlling principles involved, they try to 
obtain some solution merely by algebraic manipulation of 
these expressions. This method of attack, I say, is interesting, 
and seems to indicate clearly a practically complete lack of 
training in deductive reasoning. 

**On the other hand, if the problem be of a different char- 
acter, requiring inductive process, one may expect a reason- 
able solution. As I suggested in my opening remarks, the 
interpretation of facts and the profound respect for them are 
habitual and very desirable characteristics which I have ob- 
served in these students.’’ 

The conclusion that engineering graduates are unable to 
reason from basic principles and therefore lacking in deduc- 
tive reasoning is right insofar as it goes, but it does not bring 
out the reason why they are unable to ‘‘reason from basic 
principles or to visualize the phenomena’’ expressed in those 
principles. The reason is that they have not in their college 
training discovered or seen these phenomena as physical facts, 
but have endeavored to memorize the formule which he says, 
“comprise their full equipment acquired in college for the 
solution of problems.’’ The realization of these principles is 
a matter of discovery for the student through inductive think- 
ing. The difficulty therefore is not in the ‘‘lack of training in 
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deductive reasoning,’’ but lack of training in the inductive 
thinking and discovery which alone can give the valid intel- 
lectual foundation for basic principles which are used in de- 
ductive thinking. If the student is to discover these basic 
principles he must do so under the skillful tutelage of the in- 
structor. Very few students discover them without this 
guidance. 

This record of experience with engineering graduates in the 
General Electric Company is very positive evidence of the fact 
that students will not master fundamental principles unless 
instructors are paying much more attention to the thinking of 
those students in the approach to the principles. It empha- 
sizes the need for more attention to how we teach, and more 
emphasis upon the processes of effective thinking. 


Methods and Usage. 


The methods of applying the fundamentals of engineering 
may be subdivided into: the selection and application of de- 
rived principles which are usually expressed as the resultant 
formule of textbook analyses and which are segregated in 
hand books; the methods of making calculations which in cer- 
tain problems of design have become more or less standard- 
ized; and the selecting and using of standard specifications. 
Methods used in any particular field may change from time to 
time as developments in that field take place and as individ- 
uals reduce to rational and basic principles the practice and 
procedure of the field or shop. 

The usage in any field of applied science which determines 
current practice and standard production or construction 
varies from the scientific solution by abstract analysis to the 
empirical application of the mechanical, industrial and build- 
ing arts. This usage can be in a measure assembled and un- 
derstood as mere information in courses, yet to a larger extent, 
a knowledge of it is accumulated much more effectively in 
practice than in a period of academic training. 
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Common Sense. 


When all of the above elements in any particular field of 
applied science have been mastered and marshaled for the 
solution of any complex, practical, and technical problem it is 
still necessary to draw upon the individual judgment or com- 
mon sense. This judgment and common sense cannot be prin- 
cipally developed in the classroom, but is chiefly the result of 
a wholesome assimilation of experience and the outgrowth of 
those natural resources and abilities which the student pos- 
sesses before he enters college. It is equally true, however, 
that the college will be tremendously more effective, if it sur- 
rounds the student with an atmosphere which stimulates and 
encourages the maximum development of judgment and com- 
mon sense. Dean Schneider of the University of Cincinnati 
says: ‘‘Practice of engineering cannot be learned in universi- 
ties; it can be learned only where engineering is practiced— 
namely, in the shop or field.’’ He uses this as an argument 
for the cooperation technical schools. Where such a plan is 
impossible, a knowledge of the practice of engineering as fol- 
lowed in industry and construction can be in some measure 


conveyed to students by inspection trips, by picture displays, 
by lantern lectures and by well written and well organized 
books descriptive of this practice. 


Conclusions. 


Fundamentals, methods of application and usage, therefore, 
find their expression in the courses of a curriculum which vary 
in nature from those primarily of a basic type to those pri- 
marily of an informational type. No single course, however, 
becomes solely basic, applied or informational. All elements 
are found in every course and each element seems to be amena- 
ble to a particular technique of teaching and study. The mas- 
tery of each becomes the primary object of the student in a 
course and the specific problem of the instructor. Such a mas- 
tery, however, is not and cannot be separated from the devel- 
opment of the power of constructive thought in successful 
study and teaching. The instructor who is most successful in 
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developing this mastery will go into the classroom not to 
teach subject matter, but to coach students in their thinking 
related to the principles, methods, and usage of engineering. 
The attention must be directed upon the student not upon the 
subject matter. 


OBJECTIVES AND TEACHING TECHNIQUE. 


The elements of the teaching technique of procedure al- 
though related to are different from the objectives of an edu- 
cational program; the former is the means, while the latter is 
the end. The following discussion will be upon the means. 


Principles of Teaching. 


Professor H. C. Morrison says: ‘‘Most theories of teaching 
have been founded upon the assumption that all teaching is 
one, that a theory of technique can be found which is equally 
applicable to all subjects found in school. In a sense this is 
true, for there are certain laws which apply in one form or an- 
other to all forms of learning. Among these are the principles 
of apperceptive approach, the principle of motivation, the law 


of initial diffuse movements, the canon of the concrete before 
the abstract.’’ 

For the purpose of discussing a sound technique of teaching 
Professor Morrison (in the ‘‘Teaching Technique of the Sec- 
ondary School,’’ Part I) has grouped the subjects taught in 
the field of general education as well as vocational education 
into five basic types which differ among themselves in the na- 
ture of their objectives and in the psychology of the learning 
process. 

These he has denominated the Science Type, the Apprecia- 
tion Type, the Practical Arts Type, the Language Arts Type, 
and the Pure Practice Type. Each seems to be especially 
amenable to some particular form of teaching technique. In 
the discussion of the respective types Professor Morrison has 
drawn a marked distinction between the material which might 
constitute a valid field of organized knowledge and ‘‘non- 
teachable material.’’ He defines the latter as material which 
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does not correspond to any adaptations as such and is not 
utilizable as assimilated material. ‘‘To coin an expression, it 
is mere educational journalism.’’ In most material of this 
type there is nothing to make the study and learning anything 
more than a ‘‘memoriter exercise’’ which may be retained for 
a period as information but is soon forgotten. The informa- 
tional courses in the field of engineering are only removed 
from this classification by the basic and applied elements in- 
troduced into them and by the certainty of contact with stand- 
ard usage and practice in engineering fields after graduation. 

For purpose of this discussion the courses found in institu- 
tions of higher learning may be classified broadly as (1) the 
Scientific Type, (2) the Informational Type, (3) the Appre- 
ciative Type, and (4) the Philosophical Type. The scientific 
type of course is most aptly illustrated by the basic courses of 
the mathematical and physical sciences. The natural and 
biological sciences are also quite distinctively of the same type. 
The economic and social sciences may, however, depart in some 
measure from the scientific type, although when most effec- 
tively taught they should be brought into close conformity with 
this type. 

The appreciative type of course is characterized very largely 
by courses in music, literature, dramatics and religion. Be- 
tween the scientific and appreciative types lie the informa- 
tional and philosophical types, and among courses of this type 
may be listed many of those embodied in a general cultural 
education. Such courses are only lifted from the category of 
‘‘educational journalism’’ by the personality and imagination 
of strong teachers who are able to relate the work of the 
courses to the lives of the students following them. 

The scientific type of courses are related primarily to the 
reflective phase of mind, while the appreciative type of courses 
are related primarily to the affective phase of mind. Between 
the scientific and appreciative types, the informational and 
philosophical courses which contribute to general culture are 
perhaps related to both phases of mind. 

It must, of course, be recognized that psychology does not 


64 
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today draw sharp distinctions between intellect, feeling and 
will, and that the mind is perhaps more particularly recog- 
nized as a unit. For the purpose of description, however, dis- 
tinctions are still drawn between reflection as the process of 
the intellect, emotion as the expression of feeling, and volition 
as the expression of will. 

Particular facts in the science field are received through the 
intellect into the mind, and expressed again through the voli- 
tion as objective knowledge; recognized impressions are re- 
ceived through the feelings and likewise expressed through the 
will; and all culture is similarly received and expressed. 
Whatever the reception of facts, information or impression, it 
must be quite generally recognized that the same do not truly 
become that knowledge which is power for the individual until 
they are again expressed in an objective way. It is expression 
which clinches knowledge, makes it personal, and establishes 
proprietorship over it. Through the establishing of proprie- 
torship over knowledge one may thus build up intellectual 
independence as one builds financial independence through the 
establishing of proprietorship over capital. 


The Mastery of Knowledge and Science Courses. 


The science type of courses as illustrated in engineering 
curricula may be classified into three groups as determined by 
the organization of engineering knowledge. The first, which 
may be called the Basie Course Type, has for its learning ob- 
jective the mastery of the fundamentals of some particular 
field of knowledge, such as mechanics, hydraulics, or elemen- 
tary electricity. The mastery of the fundamentals is achieved 
through the understanding of principles or processes in the 
relation of cause and effect. The study usually precedes in a 
manner determined by the organization of the field of knowl- 
edge. 
Most basic fields of applied science are organized in a simi- 
lar manner about the major divisions of elements or generic 
principles. These generic principles may be expanded in their 
application by manifold derivatives and multiform variations 





ORGANIZATION OF ENGINEERING COURSES. 929 


which are found particularly necessary in engineering experi- 
ence and in the solution of practical problems. They may be 
presented in a course dealing almost solely with them, or in a 
course dealing with both methods and usage. For the best re- 
sults in training they should of course be discovered in their 
practical dress. A brief outline of the general organization 
of applied sciences, particularly as illustrated by those sciences 
which constitute basic courses is shown on page 929. 








|FIELD OP APPLIED SCIENCE } 








JMAJOR_ DIVISIONS OF ELEMENTS OR GENERIC PRINCIPLES | 





MANIFOLD DERIVATIVES AND MULTIFORM 
VARIATIONS OF GENERIC TRUTHS FOUND 
IN EXPERIENCE AND MANIFEST PHENOMENA 


BASIC COURSE ORGANIZATION 











Teaching technique of basic courses should be such as to 
place special emphasis upon an understanding of the funda- 
mentals. Care should be taken to illustrate the differences be- 
tween rational and empirical facts; between facts and hy- 
potheses; between empirical facts and specifications. Special 
emphasis should be placed upon an understanding of those 
physical facts which are normally expressed as formule in en- 
gineering science. This is particularly essential if the prin- 
ciples to be mastered in a course are to have a valid intellect- 
ual foundation. If such facts are not thoroughly appreciated, 
the results achieved in the course are measured by the skill of 
the student in the application of methods to routine procedure 
and not as an understanding of basic principles which can be 
applied to the solution of new problems. It is in this respect 
that many engineering courses fail. Many teachers are apt to 
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think because they are teaching the subject that students are 
learning it. They do not distinguish between placing a thing 
into the curriculum and instilling it in the minds of the stu- 
dents. Other teachers are madly cramming textbook formule 
which represent derived principles into the heads committed 
to their charge with no question of why or wherefore. Prin- 
ciples can never be applied to the solution of new problems if 
they do not have a valid intellectual foundation in physical 
meanings. This foundation can only be built through induc- 
tive thinking. 

The so-called practical man may be one who has a great 
facility in the application of standard methods to the solution 
of standard problems. He may be one who has no apprecia- 
tion of the basic principles underlying the derivations which 
he applies. The trained man who is master of a basic field of 
knowledge, particularly in applied science, should be differ- 
entiated from the routine worker by his facility in the applica- 
tion of basic principles to the solution of new problems. 

The applied courses in engineering curricula do not differ 
materially in the objectives of study, the methods of teaching, 
or in the organization of knowledge, as found in standard 
texts, from the basic courses. In them, however, emphasis is 
placed upon the application of fundamentals to the solution 
of certain more or less standard problems of design. They 
usually represent a segregation of more or less difficult solu- 
tions of practical problems by abstract principles and specifica- 
tions which have been developed in the science and art of en- 
gineering. They call for a larger emphasis upon deductive 
thinking, but at the same time require a back check upon the 
basic principles. ; 

Many designers in the practice of engineering have acquired 
a great facility in the application of these standard methods 
to the solution of standard problems and yet are quite deficient 
in their mastery of the fundamentals which may be expressed 
in these derived methods of solution. Because of this, they 
are totally unequipped to tackle problems outside the particu- 
lar field in which they are trained. They are utilizing for- 
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mule, specifications, and handbook data as tools and to that 
extent are more or less skilled tradesmen. The object of any 
sound applied engineering course should be to broaden the 
understanding of those principles, initially discovered in basic 
courses, in their application to the solution of new and more 
difficult (1.e., to the student) problems. 

The specific objects of informational courses are to give a 
knowledge of current usage, to teach students to recognize 
fundamentals underlying this usage, to show the relationship 
between practice and theory, and to develop judgment in the 
application of fundamentals and usage to specific projects. 
The informational element should be introduced primarily as 
the background and means of stimulating the students interest 
and motivating his learning. Few courses of an informational 
nature are necessary in an engineering curriculum. It does 
not follow, however, that a knowledge of fundamentals and 
their relationship to practice together with judgment in the 
application of these fundamentals can be developed without 
the background provided by the informational element. The 
informational element, however, cannot be largely developed 
in the classroom or at the college. It can only be fully devel- 
oped in the field or shop where engineering is practiced. 

The contemporary student in engineering needs a broader 
informational background. He should be stimulated to build 
this up by the wise use of his spare time and vacations in 
actual contacts. Many students living in a territory where 
hydroelectric plants are numerous and close at hand will reg- 
ister for courses in hydroelectric power plants, but will never 
be interested in power plants to the extent of visiting one in 
their immediate neighborhood. There is a great need for some 
organized effective means of stimulating students to the ac- 
quisition of the informational background. The informa- 
tional courses should be few, not because the informational 
elements are unnecessary, but because they may be more 
clearly understood and better appreciated when obtained in 
actual physical contact and under practical settings. 

The objectives of the Mastery of Knowledge in basic, ap- 
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plied, and informational courses may be paraphrased as why, 
how and what. The essence of any basic course is the ex- 
planation of physical phenomena by fundamental, abstract, 
and transcendental principles, or simply the explanation why. 
The distinctive object of applied courses is the understanding 
of methods of solving problems or how. The how should not, 
however, be taught without particular emphasis upon the cor- 
relative why. The distinctive and perhaps predominating 
element in informational courses is what. It should, however, 
never be separated from the how and why. It is therefore 
quite evident that for successful mastery and successful peda- 
gogy the why, how and what should be blended in all courses, 
and that one element may be the predominating element in 
any particular course. 

The attainment of the Mastery of Knowledge in any par- 
ticular field will depend not alone upon the concepts of what 
constitutes that mastery, but also upon the method of study 
and the technique of teaching. Unless students are coached 
in the development of the Power of Constructive Thought as 
well as the Mastery of Knowledge the results of training are 
apt to be disappointing. Too much emphasis cannot be placed 
upon the relationship between the instructor, the student, and 
the field of knowledge. Pedantic instruction is accompanied 
by passive reception while inspiring leadership will be accom- 
panied by active learning. The coaching of students presup- 
poses a direction and guidance in activity by the instructor; 
it presupposes that students come to school to learn rather 
than to be taught. The achievement of the coaching relation- 
ship between the instructor and the student in his Mastery of 
Knowledge is the first element in successful pedagogy. It is 
the most vital element in the technique of teaching. It is 
achieved in thinking (so McMurray calls them) or recitation 
periods, study or computation periods, and laboratory periods 
by means of illustrative problems, study problems, drill prob- 
lems, laboratory reports, class notes, examinations, and all 
written graphic, algebraic and oral composition. The coach- 
ing in all student expression should be such as to develop an 
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understanding approach to the Power of Constructive Thought 
and the Mastery of Knowledge. 


Training in The Power of Constructive Thought. 


Training in the Power of Constructive Thought is in very 
large measure affected by the coaching possible in recitation 
and computation periods. These might more appropriately 
be designated thinking periods, and study periods. The 
thinking exercised in recitation periods is a group thinking 
under the leadership of the instructor and that exercised in 
the computation or home study period is largely individual 
following the directions, however, of the instructor or coach. 
The sequence of thinking and study periods should be ar- 
ranged to facilitate the students training. New lesson units 
should be introduced in the thinking periods, usually by means 
of practical problems presented in quantitative terms. Dur- 
ing these periods instructors should place particular stress 
upon the basic concepts of rational facts upon the differentia- 
tion of rational facts, hypotheses and empirical facts. When 
the text or handbook is used as a reference for empirical data 
or specifications, the accuracy and origin of all such data 
should be carefully explained. 

These basic underlying fundamentals, it will be observed, 
are the direct suggestions (see diagram on page 916) to which 
the engineer turns in his effective thinking for the solution of 
problems. Their relationship to engineering knowledge in 
general and to the students knowledge in particular should be 
quite definitely emphasized and understood. It is quite gen- 
eral practice for students to trace through the derivations in 
engineering texts varifying the algebra of the author, or to 
follow the blackboard developments of instructors making a 
similar varification, with little appreciation that the first basic 
and original expressions are nothing more or less than the 
algebraic statements of certain rational abstract facts, hy- 
p .«eses, or empirical determinations. The mastery of these 
fundamentals and the recognition of this viewpoint are the 
first essentials in the successful coaching of students. 
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The relationship between the elements involved in a success- 
ful teaching technique are threefold. They are relationships 
between teaching administration, course organization, and stu- 
dent activity or achievement. The diagram upon page 934 has 
been prepared for the purpose of bringing these elements of 
basic courses visually before the mind. Teaching administra- 
tion involves the presentation of the program for student ac- 
tivity and a coaching of the student in his path of achieve- 
ment to mastery. 


is 
ne 
E> —induction 


The Object of Basic Courses is the Mastery of Fundamental Prin- 
cipals. Relation between Student Achievement and Basic Course Ad- 
ministration. 


The program for the teaching administration of any unit 
of instruction is broadly divided into four phases beginning 
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with the introduction, followed by a study program and con- 
tinuing into a recapitulation and drill. The students achieve- 
ment of mastery is represented by the field within the course 
organization. The introduction of a student into the mastery 
of any field of knowledge should be made in thinking periods 
and should be initiated by the discovery of basic principles in 
maui‘est particular phenomena. The accomplishment of this 
requires the wise selection of material and problems by the 
instructor and a carefully guided period of group thinking, 
largely of the inductive nature, in which the class searches 
for and discovers the basic principles underlying situations 
more or less familiar to them. From this introduction the 
path of student achievement of mastery should pass through 
the proof or application of basic principles to practical prob- 
lems which may be studied in computation periods or in home 
preparation. This thinking will be largely of the deductive 
nature. 

The third period in the progress of the student may be one 
of generalization or discovery in which, again under the skill- 
ful coaching of the instructor, he realizes the generic nature 
of the principles initially discovered in a particular case 
through the processes of induction. This third period may 
be followed by a fourth, in which the purpose of instruction 
and study is largely one of fixation of ideas and which is char- 
acterized by drill problems. The cycle may be again repeated 
in the students every increasing mastery of fundamental prin- 
ciples, and the path of student achievement may pass through 
the cycle again and again with an ever widening breadth of 
understanding and depth of appreciation. 

In many respects the individual’s mastery of a field of 
knowledge is a recapitulation of the race mastery of that same 
field. It need not and does not, however, follow the historical 
progress of the science. The race itself has experienced 
periods of stagnation in the development of every science and 
has explored many avenues unproductive of understanding. 
These should, of course, be eliminated by the instructor in the 
guidance of the student. The progress through this recapitu- 
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lation must of course be tremendously accelerated and confined 
to principle elements. This should in no way handicap the 
student in the mastery of any field of knowledge that is skill- 
fully planned and adapted to the available time. 

In the engineering sciences too much emphasis cannot be 
placed upon the initial discovery of basic principles, nor can 
too much emphasis be placed upon the effective use of dia- 
grams and clearly organized algebraic expression as a means 
to clear and effective thinking. Drill in the effective use of 
graphic, algebraic, and all forms of expression should be 
carried forward simultaneously with the students progress 
from discovery to the deductive application of principles in 
numerous practical situations. 

At the conclusion of the deductive application of principles, 
the recapitulation should be made in a period under the coach- 
ing of the instructor in which, insofar as possible, all false con- 
cepts should be corrected and in which stress should be placed 
upon the understanding and expression of basic concepts, 
upon the differentiation between concepts and derived for- 
mul, and upon the exact classification of basic elements. In 
this recapitulation the generic nature of basic principles should 
be discovered by the student, after which the fundamentals 
may be more firmly fixed in the students mind and the student 
may familiarize himself with the attack upon new problems by 
further drill. 

Throughout the entire cycle of student activity, the value 
and aid of effective expression in the clarification and refine- 
ment of thought should be emphasized by the instructor and 
should be sought by the student. The development of knowl- 
edge is an objective expression of the improvement in think- 
ing. The same general progress in the Mastery of Knowledge 
may be followed more or less closely by the student and in- 
structor in all science courses. The length of period of induc- 
tion and deduction, of discovery and generalization, of proof 
and fixation, should, of course, be varied to meet the condi- 
tions of the units of knowledge to be mastered and will, of 
course, become larger and larger as the student progresses. 
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Inductive thought will require most attention in basic courses ; 
deductive thought will require most attention in methods of 
application. — 

That it will not always be possible, because of external con- 
ditions established by the nature of school organization, to 
direct the student in the ideal manner indicated in the diagram 
should of course be immediately recognized, but the basic 
principle of the program of teaching administration will be 
recognized as sound. It embodies the recognized ‘‘principle 
of apperceptive approach’’ and the ‘‘principle of motivation’’ 
in the presentation of a subject through manifest particular 
phenomena in terms which the student understands and with 
which he is familiar. It recognizes the ‘‘law of initial diffuse 
movements’’ which will be drawn forth in the skillfully in- 
structed and guided periods of introduction and generalization 
and it utilizes the ‘‘canon of the concrete before the abstract.’’ 
It recognizes the generic principles of science as the basic ard 
skeleton framework upon which the objective knowledge pos- 
sessed by the race is built, and it stresses the importance of 
valid intellectual foundations and appreciation of the physical 
meanings of basic principles. Too often the basic principles 
of engineering science are hidden behind a smoke screen of the 
little understood, but fairly well remembered rules of calculus. 
Far too often the principles are lost in the maze of algebraic 
derivations. Without a sound basic understanding thorough 
mastery can never be achieved. 

The training in effective habits must proceed contemporarily 
with the training in effective thinking and expression. It can- 
not be separated from them, but is complementary to them. 
It can be fostered best, by the establishment of ideals, by ex- 
amples, and by insistent demand upon the part of the instruc- 
tor for high standards. It can be fostered best by the devel- 
opment of an appreciation of ideals, by clear and definite un- 
derstanding of what constitutes high standards, and by con- 
tinued drill in the endeavor to achieve them. It is quite pos- 
sible to develop high standards of thoroughness, accuracy, 
neatness and other characteristics of efficiency in one course 
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or in one field of knowledge without achieving a transfer of 
the same characteristics and habits into all fields. Only when 
ideals of effective habits are appreciated and understood is 
their expression in all fields of individual activity found. The 
development of this appreciation and understanding is just as 
much the responsibility of the instructor as the development 
of effective thinking and expression. 


The Need for Sound Pedagogy. 


Any theory of sound pedagogy must include an appreciation 
of the logic of thinking, an understanding of the purpose and 
qualities of expression and an appreciation of ideals in their 
relationship to the development of the Mastery of Knowledge, 
and Power of Constructive Thought. It must express through- 
out a fuller understanding and appreciation of educational 
psychology. The effect of such understanding and apprecia- 
tion will be to introduce course sequences or bands in the basic 
fields of knowledge across the curricula of schools. The stu- 
dent will be guided by those sequences or bands to an ever 
enlarging mastery of the knowledge of particular fields and 
an every increasing development of new processes of thought. 
These bands will effectively bring out discovery, generaliza- 
tion, proof, and fixation in the physical and abstract sciences; 
they will provide effective drill in the study of written, oral, 
algebraic, and graphic composition as a means of expressing 
this inductive and deductive thinking. They will provide the 
medium for a definite recognized program in the development 
of effective habits, especially those habits which are character- 
istic of the field of engineering and which may be termed 
habits of personal efficiency. : 

It will, of course, be recognized that the development of 
habits and ideals, for which any institution may in some meas- 
ure be responsible, covers a much broader scope than these 
habits of personal efficiency, but it will also be recognized that 
this responsibility is only incidental to the objectives of scien- 
tific courses in which the student is expected to accommodate 
himself to a certain method of thinking. 
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The program of education herein described cannot be 
earried forward by the instructor without vision and imagina- 
tion, cannot be developed by men who are narrow and spe- 
cialized. It provides no place for the one who has no interest 
in drawing, but aspires to teach design; no place for the one 
who sees only the formule of calculus (the husk of ideas) and 
nothing of the marvelous and effective method of thinking ex- 
pressed in its application to practical problems. It cannot be 
fostered or developed by the instructor who sees only the prin- 
ciples of basic science classified in the text and knows nothing 
or little of the expanse of their application and relationship 
to the tremendous developments in modern machinery and 
construction; nor by the instructor who would teach design 
from a handbook without understanding that specifications 
and rules of practice have a definite relationship to rational 
and basic principles. It cannot be promoted by one who is so 
poor a master of his subject as to find himself lost without his 
text; nor by one who wants to teach laboratory practice, but 
finds report correcting a bore and an abomination. It will 
never succeed with instructors who have no interest in, or un- 
derstanding of, the relationship between logic, expression, 
ideals, and habits, and a mastery of the fields of knowledge 
represented in courses under their tutelage; nor with instruc- 
tors who are interested in engineering and research, but not in 
pedagogy. The vitalizing and development of the pedagogy 
in scientific courses demands from the instructor an ever deep- 
ening penetration, an ever broadening of his own Mastery of 
Knowledge, and a continuing development of his own Power 
of Constructive Thought. 





RATIONAL PRESENTATION OF FLUE GAS ANALYSIS 
COMPUTATIONS. 


BY R. H. McCARTHY, 


Assistant Professor of Mechanical Engineering, University of Nevada. 


In textbooks and references the presentation of flue gas 
analysis computations consists of either the development of 
formule or their mere statement of formule without proof. 
By the time such formule have been developed in the class- 
room and the students are ready to use them, not only has their 
physical significance been forgotten but the ability to derive 
them has been lost. As many as four different expressions for 
computing excess coefficient can be found in a single reference 
and the values given may vary as much as 11 per cent in a 
given case. One wonders which expression was used when the 
widely circulated results of a recent series of boiler tests gave 
‘Heat loss unaccounted for........ 0.2%.’’ For these rea- 
sons we find it desirable to use a computation procedure based 
directly upon fundamentals, each step of which involves no 
great jump of reasoning and retains a quite definite physical 
conception. 

No matter what procedure of formula is used, results of 
flue gas analyses are based upon five systems of relationships: 
(a) air composition, (b) chemical equations of combustion of 
carbon, hydrogen and sulphur with oxygen, (c) Avogadro’s 
hypothesis, (d) fuel composition, (e) flue gas composition. 
The first four relationships are assumed to be already familiar 
to the students and may be drawn upon when necessary. The 
fifth is determined experimentally as a part of this study. 
The steps of the procedure will be named and explained and 
illustrated by an example taken from an actual boiler test 
when burning fuel oil. 
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FLUE GAS ANALYSIS COMPUTATIONS. 


Fuel Analysis Flue Gas Analysis 


Barometer Pressure 30”. Boiler Room Temperature = 80° 

F. Relative Humidity —=70%. 
COMPUTATION PROCEDURE. 
1. Change flue gas analysis from volumetric to gravimetric 
analysis. 

By statement of Avogadro’s hypothesis, recalling the 

molecular weights of C, O., Ne, and some questioning the 

method for this change can usually be obtained from the 


students themselves. 
%CO by wt. 


.” Pe @ 


es CO, X Mol. Wt. 
~ CO:(MW;,)+02(M Wz)+CO(M Ws)+N2(M Ws) ° 
Tabulated: 
44X86 = 378 378/2972=12.72% CO, by wt. 
32X 9.0= 288  288/2972= 9.69% OQ. by wt. 
28 X 81.3 = 2275 31/2972= 1.03% CO by wt. 
28X. 1.1= 31 2275/2972=76.56% Nz by wt. 
2972 
2. Find pounds of carbon burned per pound of fuel, 
Lb. C 
Lb. Fuel ° 
Taken directly from fuel analysis 
3. Find pounds of carbon per pound of dry flue gas, 
Lb. C 
Lb. FG 
Carbon due to 


_Lb.6&_, Lb.C _ oe 
Carbon due to 


Lb. CO_, Lb. C 


CO=Th-¥FG “Lb. GO ~° 


Total Lb. C 
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4. Find pounds of dry flue gas per pound of fuel, 
Lb. FG 
Lb. Fuel ° 
Knowing eet from (2) and an 4 from 
(3) the student reasons that we will get the 
desired quantity by dividing the first by the 
second. 
Lb.& Lb. FG_ Lb. FG 1 
Lb. Fuel Lb. ~ Lb. Fuel °!°?%q3909° - 
Lb. Air 
’ Lb. Fuel ° 
d Lb. No d Lb. FG 
FG °"° Tb. Air *"° Tb. Fuel 
we have all the factors needed to find the desired 
quantity. 


Lb. Air Lb. Po x Lb. PG _ Lb. Air 
Lb..; Lb. PG’ Lb. Fuel "igi Fuel 
+ X .7656 X 20.83 = 
6. Find pounds of dry air theoretically necessary to 
burn completely one pound of fuel. 
To burn carbon, 
Lb. C y¢ Lb. O, in CO, 
Lb. Fuel Lb. C 
To burn hydrogen, 
Lb. H _ Lb. 0, in H,O .06$2 
Lb. Fuel Lb. Hy -(. 1101 2°") - mans 
To burn sulphur, 
Lb. S yc Lb. O» in SO. _ 
Lb. Fuel Lb. 8 — 
Total pounds O, needed per pound fuel 2.991 
Then 
Lb. Theoret. Air Lb. needed . Lb. Air 
Lb. Fuel ~ Lb. Fuel Lb. 3 


1 
=2.991 X33= 





5. Find pounds of dry air per pound of fuel 


Knowing aL N2 








= .8152 X 2.667. . = 2.174 
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7. Find excess coefficient or ratio of actual air supply 
to theoretical air supply per pound of fuel. 
19.83 ° 


A fair question from the studenv is, why the value of pounds 
of air per pound of fuel can be so nearly equal to that of 
pounds of dry flue gas per pound of fuel, when the weight of 
the dry flue gas is apparently the weight of fuel and dry air. 
To bring out the explanation of the apparent paradox, one 
more step is made, although it is not necessary for the calcu- 
lation of heat losses. 


8. Total weight of flue gases per pound of fuel, two 
methods. 
a. Pounds of dry flue gas per pound of 


Pounds of moisture from that in fuel, 
per pound of fuel 
Pounds of moisture from air humid- 
: 20.73 
ity per pound of fuel. 0736°° 011= .309 
Pounds of moisture from combustion 
of hydrogen in fuel per pound of 
fuel .1101 <9 
b. Pounds of dry air per pound of fuel. = 20. 730 
Pounds of moisture from air humid- 
ity per pound of fuel...........=  .309 
Pounds of fuel 


This check between the two results in question shows that 
not all of the air indicated by the nitrogen in the flue gas ap- 


pears in the dry flue gas, because some of it ([. 1101 acd 8) 


appears in the form of moisture. 


In a sense this procedure is no more than the derivation of 
a formula although no attempt is made to arrive at a general 
inclusive expression. The procedure can readily be worked 
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out by no involved steps of reasoning. The student can be 
convinced of the correctness of each step because of its physi- 
cal significance. Knowing in general that the results wanted 
are pounds of flue gas and pounds of air per pound of fuel, 
the feature of cancellation which rather appeals to the stu- 
dent, is easily remembered and serves as a starting point in 
the computations. 

Except that it differs from the usual textbook treatment of 
the subject, no originality is claimed for the method. It is 
used in one other institution at least. 





A HYDRAULIC LABORATORY EXPERIMENT ON 
OVERTURNING A GRAVITY DAM. 


BY W. W. FINEREN, 


Acting Assistant Professor, University of Florida. 


The experiment described herewith was conducted by the 
class in hydraulics at the University of Florida. 


THe Dam. 


The dam used was designed and constructed by the instruc- 
tor with the intention in mind that it should be designed for 
the purpose of failure. It was apparently designed to with- 
stand a height of water, or head, of two (2) feet. 1+ con- 
sisted of a concrete section one foot in width, or what might 
be called one foot length of dam, the width not referring to 
its thickness, but to its length of face. The dam was made 
one foot in width for the purpose of using one standard unit 
of dam. The dam was made eight (8) inches thick at the base 
and two (2) inches thick at the water surface, which proposed 
water surface was two (2) feet above the base. The section 
had a two (2) inch square parapet above the proposed water 
surface. This concrete dam weighed one hundred and nine- 
teen (119) pounds on the scales. 


Tue Box. 


A simple rough wooden box was designed by the instructor, 
which box is the ingenious feature of the experiment. Sketch, 
Figure No. 1, herewith, shows the form of the box used, and 
the sketch gives sufficient details so that no additional descrip- 
tion is necessary. However, it may be explained that the box 
A-B-C-D (Fig. 1) has an elongated base D-E upon which 
the dam rests. The edges of the box, B—D and G-I, are sloped 
to equal the sloping face of the dam. There is no end to the 
box at B-D-G-I, but in place a piece of canvas is securely 
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fastened, very full, so as to give plenty of lateral motion to 
the canvas. This canvas is not secured along the bottom at 
D-G, but is run along the base and is securely fastened along 
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the edges D-E, E-F, and F-G. This arrangement permits 
the water to force between the canvas and the wooden base giv- 
ing the desired upward pressure on the base of the dam. The 
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eanvas at D-E-F-G must also be full, permitting the water to 
exert its pressure upward. A little care and patience will be 
rewarded by a fairly good job, although it is quite difficult to 
fasten the canvas so that the portion along D-G@ will be loose 
and pliable. The edges are made water tight by strips se- 
eurely fastened. Of course it is to be expected that the canvas 
will leak, but it will not leak to such extent as to prevent the 
success of the experiment. The box may be placed into a re- 
ceiving pan or on the concrete floor of the laboratory, or the 
experiment may be carried on out of doors where leaks will 
not be troublesome. 

The dam should be set on the base D-E-F-G, having con- 
siderable care to place it about one half inch inside the edges 
of the box. In this position the water pressure will have full 
effect on the inside face of the dam through the canvas, and 
the canvas will prevent the water from running out of the box 
at the sides of the dam. In setting the dam in the box two 
cautions are necessary : one being that the dam does not touch 
the box in any way except as it rests on the box under its 
foundation. There must be no friction of the sides of the box 
on the dam, the canvas being pliable permitting of no friction 
if the dam is properly and carefully placed. The second cau- 
tion is to prevent errors by preventing too much water press- 
ing upon the dam, as such pressure exerted on the canvas by 
the water between the dam and the sides of the box will be 
transmitted to the dam by the canvas, making the pressure of 
a width of water of from twelve inches to twelve and a half or 
thirteen inches press directly on a width of dam of only 
twelve inches. To minimize this error it is necessary that the 
box be designed to fit closely the dam, as snug as possible with- 
out causing friction between the sides. 

The base of the box D-E is made considerably longer than 
the eight (8) inches thickness of dam for the purpose of hav- 
ing room to add to the base of the dam if desired. There 
should also be supplied a flat plate or board, of minimum thick- 
ness, to bolt over the base projection D-E-F-G. When this 
is done the upward pressure of the water under the base will 
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be taken up by this board or plate and not act on the base of 
the dam. 
Tue Desien. 


Assuming a head of two (2) feet of water, the vertical pres- 
sure on the rear face of the dam was calculated to be (see 
sketch) : 

Py=h/2 times w times A-B = 15.6 pounds. 

In like manner the horizontal pressure was calculated to be: 


Py=h/2 times w times A-D = 124.8 pounds. 
These two pressures were drawn graphically on the diagram 
at a point two-thirds down from the water surface, and the 
resultant drawn on the diagram, the direction being given and 
the length, or force, scaled as 125.7 pounds. This last value 
may also be checked for the resultant: 


Pr=h/2 times w times B-D = 125.7 pounds. 
This resultant was then extended through the weight line act- 
ing through the center of gravity of the dam, being 119 
pounds, and the new resultant R, obtained, cutting the base 


about three (3) inches outside of the toe, and being 183.6 
pounds effective as scaled. This value was also checked 
mathematically by taking the square root of the sums of the 
squares of the horizontal and vertical components of the forces 
considered as making up the final resultant. 

But we have in addition to these forces an upward force on 
the base of the dam by water percolating underneath the 
dam, and this is assumed to be one half of the full force on a 
body simply submerged, and is considered applied at a point 
two thirds back from the toe, and being: 

Pz=h times w times D-E divided by 2— 41.6 pounds. 
We therefore combined the resultant R, with the upward force 
Px and secured a final resultant R,, acting a little less than 
seven (7) inches outside of the toe, and being equal to 155.6 
pounds as scaled.. This may be also checked mathematically 
as noted in the last case. 

We concluded from the design that the dam would not hold, 
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but the class members, after lifting the 119-pound dam and 
looking at the box declared that two feet of water could not 
topple over that dam, even though the textbook theory seemed 
to teach that it would fail. 


RESULTS. 


The dam was placed in position in the box and water was 
poured into the box until the level, or head, reached one foot 
three and one half inches, when the dam began to tremble. At 
one foot five inches head the dam began a rapid rotation 
around the toe, showing distinct signs of failure. Thus the 
dam failed, as the theory indicated, with all forces actiny, in- 
eluding the upward force on the base. To prevent the dam 
from toppling completely over and damaging the apparatus 
the water level was not carried above the point to show actual 
failure. 

We then decided that the water pressure under the base 
must be cut off and for this purpose imagined a cut-off wall 
constructed under the base. This would remove the resultant 
R, from consideration and would leave the resultant R, effec- 
tive. But the resultant R, also fell outside of the base and 
therefore the dam was not supposed to stand even with the 
cut-off wall added. A board was bolted over the canvas base 
to take all upward pressure, and the dam replaced in position, 
but on top of the board base. Water was again added to the 
box and the dam showed a slight tremor when the head reached 
one foot seven and one half inches. The dam failed com- 
pletely when the head reached one foot nine inches and slid 
forward on the base one half inch while it was rotating. 

In order to know how much weight of dam would be neces- 
sary to hold the dam against the pressure encountered, we 
drew a resultant through the toe of the dam and scaled the 
added weight necessary, which was found by scaling to be 
106.0 pounds. We reset the dam and added 106 pounds 
weight to the dam and again added water to the box. The 
dam held the required two feet of water without moving, but 
a very slight touch of the finger to the dam indicated that it 
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was just about on a balance and would topple at half a chance. 
Here again was the theory fully justified. 

But the weight of the dam at one hundred and nineteen 
(119) pounds plus the additional weight necessary to hold it 
in equilibrium, one hundred and six (106) pounds was too 
much for ordinary masonry, and even that would not give any 
factor of safety. To be safe against the forces acting on the 
dam it was evident that a huge block of concrete should be 
provided. However, theory indicated that the dam would 
stand without any additional weight if the base were long 
enough so that the resultant could fall within the toe. We 
had found that the resultant R, fell about three (3) inches 
outside of the toe, so we bolted two heavy iron braces to the 
dam, shown in the sketch, which braces were four (4) inches 
long. We removed the extra weights from the dam and filled 
the box with water. The dam, with the additional four (4) 
inches of base stood solidly against the two (2) feet head of 
water and it was evident that it would have stood a greater 
head without impact or sudden jar. It was evident, however, 
that the dam would not be safe against overturning under 
earthquake conditions or sudden impact of the water, or that 
the toe was not proof against disintegration with the heavy 
pressure upon it, and it was concluded that the theory was 
well founded which states that the resultant should fall within 
the middle third of the base for safety under all conditions. 
Here again, the experiment was markedly successful. The 
experiment is not only markedly successful but it is very in- 
teresting and is a revelation to one who has doubts in his mind 
as to the real power of water under head. 





ENROLLMENTS IN ENGINEERING COLLEGES FOR 
THE YEARS 1926-27 AND 1927-28. 


Unitep STATES DEPARTMENT OF THE INTERIOR, BUREAU OF EDUCATION. 


The following data show the enrollments as of November 1 
of each year of 148 colleges of engineering. 

The first table shows the enrollments of all the engineering 
colleges listed for 1926-27 and 1927-28, including the total 
enrollment and the regular four-year college enrollment for 
each institution. 

The second table shows the enrollments for the total num- 
ber of institutions according to the several curricula for 
1926-27 and 1927-28. 
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ENROLLMENT IN ENGINEERING SCHOOLS. 


TABLE I. 


ENROLLMENTS IN 148 ENGINEERING COLLEGES. 








Total Enrollment Four-Year Students ! 
Name of Institution 





1926-27 1927-28 1926-27 1927-28 





1 2 





Alabama Polytechnic Institute... . 

Alebama, University of 269 

Arizona, University of 275 

Arkansas, University of 296 

University of Santa Clara 

University of Southern California . 

Stanford University 

St. Mary’s College 

California, University of 

California Institute of Technology. 

Colorado College 

Colorado, University of 

Colorado Agricultural College 

Denver, University of 

Colorado School of Mines 

Yale University 

Connecticut Agricultural College. . 

Delaware, University of 

George Washington University... . 

Howard University 

Catholic University of America.... 

John B. Stetson University 

Florida, University of 

Georgia, University of 

North Georgia Agricultural College 

Georgia School of Technology ?.... 

Idaho, University of 

Armour Institute of Technology. . . 

Lewis Institute 246 

Northwestern University 241 

Illinois, University of 

University of Notre Dame 448 

Valparaiso University 76 

Evansville College 81 

Tri-State College 366 

Purdue University 

Rose Polytechnic Institute 257 

Des Moines University 83 

State University of Iowa 300 

Towa State College of Agriculture 
and Mechanic Arts 1,256 

Kansas, University of 543 539 

Kansas State Agricultural College. 900 874 

















1 Limited to regular undergraduate students in the 4-year course of study. 
*Engineering school teaching architecture. 
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TABLE I.—Continued. 











‘Total Enrollment Four-Year Students! 





Name of Institution 
1926-27 1927-28 1926-27 1927-28 





1 2 4 





Kentucky, University of 

University of Louisville 84 

Tulane University of Louisiana.... 

Louisiana State University and A. 
& M. College 467 

Maine, University of 424 

Johns Hopkins University 284 

Maryland, University of 

Massachusetts Institute of Tech- 
nology ; 

Worcester Polytechnic Institute. . . 

Northeastern University 

Tufts College 

Massachusetts Agricultural College 

Lowell Textile School 

Harvard University 

University of Detroit 

Michigan, University of 

Michigan State College 

Michigan College of Mines 

Minnesota, University of 

Mississippi, University of 

Mississippi A. & M. College 

Washington University 

Missouri, University of 

Missouri School of Mines and 
Metallurgy 

Montana State College 

Montana School of Mines 

Nebraska, University of 

Nevada, University of 

New Hampshire, University of... . 

Dartmouth College 

Stevens Institute of Technology... 

Princeton University 

Rutgers University 

New Mexico College of Agriculture 
and Mechanic Arts 

New Mexico School of Mines 

State University of New Mexico .. 

Polytechnic Institute of Brooklyn. 

Clarkson College of Technology. .. 

Cooper Union, Institute of Tech- 


Rensselaer Polytechnic Institute . . 
Columbia University 
New York University 
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TABLE I.—Continued. 








Total Enrollment Four-Year Students ! 





Name of Institution 


1926-27 1927-28 1926-27 1927-28 





1 





University of Rochester 

Syracuse University 

Manhattan College 

Union College 

Cornell University 

Alfred University 

College of the City of New York. . 

Duke University 

University of North Carolina 

North Carolina State College of 
Agriculture and Engineering... . 

North Dakota, University of 

North Dakota Agricultural College. 

Case School of Applied Science... . 

University of Dayton 

Ohio Northern University 

Antioch College 

Ohio State University 

Ohio University 

Municipal University of Akron... . 

University of Cincinnati 

Oklahoma, University of 

Oklahoma Agricultural and Me- 
chanical College 

Oregon State Agricultural College. 

Bucknell University 

Carnegie Institute of Technology. . 

Drexel Institute 

Gettysburg College 

Lafayette College 

Lehigh University 

Pennsylvania Military College. ... 

Pennsylvania State College 

Swarthmore College 

Pennsylvania, University of 

Pittsburgh, University of 

Villa Nova College 

Brown University 

Rhode Island State College 

Clemson Agricultural College 

The Citadel 

South Carolina, University of 

South Dakota, University of 

South Dakota State College of 
Agriculture and Mechanic Arts . 

South Dakota School of Mines... . 

Vanderbilt University 




















TABLE I.—Continued. 


ENROLLMENT IN ENGINEERING SCHOOLS. 













Name of Institution 


Total Enrollment 


Four-Year Students! 











1926-27 | 1927-28 | 1926-27 | 1927-28 
1 2 3 4 5 
Tennessee, University of......... 365 425 361 411 
ee re 387 346 373 343 
Agricultural and Mechanical Col- 
lege of Texas................. 1,444 1,441 1,384 1,414 
Texas, University of............. 590 665 571 643 
Texas Technological College...... 346 305 346 305 
Utah, University of............. 420 367 386 361 
Agricultural College of Utah...... 70 78 69 70 
Vermont, University of.......... 161 149 161 149 
Norwich University............. 169 166 169 166 
Washington and Lee University... 49 48 49 48 
Virginia, University of........... 125 147 120 142 
Virginia Polytechnic Institute... .. 638 714 633 707 
Virginia Military Institute....... 431 175 431 175 
University of Washington........ 767 820 758 786 
State College of Washington...... 488 502 484 496 
West Virginia University......... 409 351 363 346 
Wisconsin School of Engineering . . 434 219 422 219 
Wisconsin, University of......... 926 949 884 927 
Marquette University........... 456 490 403 423 
Wyoming, University of......... 134 150 127 148 
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SECTIONS AND BRANCHES. 


The Pennsylvania State College Section of the Society for 
the Promotion of Engineering Education met for dinner and 
meeting at the University Club on March 7, 1928, at 6 P.m., 
with twenty-five members in attendance. 

The Section had the following guests present: Dean R. L. 
Sackett, Prof. H. W. Stover, Economics, E. N. Sullivan, 
Alumni Secretary, Penn State College; three Bucknell Uni- 
versity Professors; Messrs. Wattles, Bigelow, O’Roark, and 
Bridgman of the Bell Telephone System. 

The meeting was opened by Professor C. W. Beese, Presi- 
dent of the section, who turned the chair over to Professor J. 
E. Kaulfuss in order that he might take part in the discussion 
from the floor. 

Professor Kaulfuss then called on Mr. E. N. Sullivan, 
Alumni Secretary of Penn State, who started the discussion 
on the subject of the evening, namely: 

‘*Ts there anything in engineering education that lessens or 
fails to develop the engineer’s interest in public affairs?’’ 

Five-minute formal discussions were then presented by Pro- 
fessors Beese, Harlan, Nesbitt, and Wood and in the informal 
discussion Messrs. Bridgman, Wattles, Bigelow, O’Roark, and 
Kaulfuss, took part. 

At this time a sheepskin scroll, suitably designed under the 
direction of Professor Harris, at the suggestion of Professor 
Wood, was signed by those present and then presented to 
Dean R. L. Sackett. It read as follows: 

‘*An Expression of our sincere appreciation for Dean R. L. 
Sackett and a recognition of the honor which has been con- 
ferred upon him by his election to the highest office in Engi- 
neering Education in America. 

‘*Presented at a dinner meeting of the State College Section 
of the Society for the Promotion of Engineering Education 
March 7, 1928.’’ 
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Dean R. L. Sackett, President of the Society, then gave a 3 
very interesting talk on ‘‘Trends in Engineering Education.”” 


Mr. A. P. Powell next gave a report on the Summer School a 


for Teachers of Mechanics held at Cornell University in July ~ 
1927. This school was sponsored by the Society. : 
Professor C. L. Harris gave an announcement of the June 
meeting of the Society to be held at the University of North 
Carolina. 
AtBert P. PoweELL, 
Secretary. 








